Introduction
COPD is characterized by persistent airflow limitation caused by an enhanced chronic inflammatory response in the airways and the lungs. [1] [2] [3] It is not only a pulmonary disease but is also being recognized a systemic disease with widespread comorbidities, such as cardiovascular diseases, psychological disorders, and osteoporosis. [4] [5] [6] COPD is the fourth-leading cause of death in the world, and the economic burden related to this disease is projected to increase in coming decades because of continued exposure to COPD risk factors and aging of the general population. 7, 8 Osteoporosis has been recognized as a major comorbidity in COPD, but it is often underdiagnosed and associated with poor health status and prognosis. 9 The etiology of osteoporosis in COPD is complex, and various risk factors may contribute to its
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lin et al pathogenesis, such as older age, tobacco smoking, 10 systemic inflammation, vitamin D deficiency, and the use of oral or inhaled corticosteroids (ICS). 11 The reported prevalence of osteoporosis in COPD patients ranges widely from 23% to ~50% as diagnosed by bone mineral density (BMD), and from 24% to ~80% as diagnosed by BMD or vertebral compression fracture. 10, [12] [13] [14] [15] [16] [17] [18] [19] [20] However, there are currently no studies regarding the prevalence and risk factors of osteoporosis in patients with COPD in Taiwan. In addition, few studies have reported an association between health-related quality of life (HRQL) and osteoporosis in patients with COPD. 21 The primary end point of this study was to investigate the prevalence and risk factors of osteoporosis in COPD among Taiwanese patients. The secondary end point was to examine the association between HRQL and osteoporosis in patients with COPD.
Materials and methods study setting
In this cross-sectional study, we examined the data (collected from March 2011 to December 2012) of participants enrolled in the CMPICO study. 22 In brief, part of the CMPICO study was designed to investigate relevant comorbidities in patients with COPD, such as osteoporosis, cardiovascular diseases, and psychological diseases. The study was carried out at the outpatient department of the Division of Pulmonary and Critical Care Medicine, Ditmanson Medical Foundation, Chia-Yi Christian Hospital, which is a 1,000-bed community-based teaching hospital in Chiayi, Taiwan. The Institutional Review Board of Ditmanson Medical Foundation approved this study (100001), and also approved the consent procedure outlined as follows. The majority of the enrolled individuals provided written informed consent; however, there were a few illiterate subjects enrolled. Our team explained the study design thoroughly to all of these illiterate subjects, and if they agreed to participate, they signed consent forms using fingerprints in lieu of a written signature. A total of 189 COPD patients at outpatient departments were recruited in the CMPICO study during the period, and 125 (66%) patients were willing to undergo BMD examination and X-ray survey. subjects A total of 125 COPD patients who had undergone measurement for BMD and spinal X-rays were enrolled in the current study. The diagnosis of COPD was based on the GOLD (Global Initiative for Chronic Obstructive Lung Disease) guidelines. 23 Eligible patients were 47-90 years of age with a postbronchodilator forced expiratory volume in 1 second (FEV 1 ) to forced vital capacity (FVC) ratio of less than 0.7. 19 Patients with a history of bronchial asthma and other structural lung diseases (such as lung cancer, bronchiectasis, and fibrotic lung) were excluded. A chest physician carefully reviewed the chest radiographs of all the patients. A total of 125 patients (98% male) with a mean age of 73.6±7.69 years met the inclusion criteria and were enrolled.
Diagnosis of osteoporosis
BMD was measured by performing a dual-energy X-ray absorptiometry scan of the lumbar spine and bilateral femoral neck. Bone with artificial implantation was excluded in this study. T-scores were calculated based on the results of BMD, as described by Brunader and Shelton. 24 Osteoporosis is defined as a systemic skeletal disease characterized by low-bone density and microarchitectural deterioration of bone tissue, with a consequent increase in bone fragility. 25 Notably, vertebral fracture has been demonstrated to have a strong relationship with microarchitectural deterioration. 26 Vertebral fracture was evaluated from a lateral chest X-ray and lumbosacral spine X-ray by an orthopedic surgeon. Fracture was defined as 20% reduction in anterior, middle, or posterior height using the semiquantitative method, as described by Genant et al. 27 As a result, patients with low BMD (T-score -2.5) or vertebral fracture were diagnosed as having osteoporosis in our study. Otherwise, patients with a T-score -2.5 and no vertebral fracture were classified into the nonosteoporosis group (Figure 1 ).
health-related quality of life and depression
Questionnaire tools included the modified Medical Research Council (mMRC) dyspnea scale, 28 St George's Respiratory Questionnaire (SGRQ), 29 COPD Assessment Test (CAT), 30 oxygen-cost diagram (OCD), 31 and Center for Epidemiologic Studies -depression (CES-D) scale, 32 and scores were obtained to evaluate each patient's life quality and the severity of depression.
Data collection
Interviews were conducted by a trained staff member in charge of COPD case management who used a well-established questionnaire to collect demographic information of the study participants, including date of birth, sex, smoking status, and personal medical history. Body weight, height, and blood pressure were measured for each participant.
International Journal of COPD 2015:10 submit your manuscript | www.dovepress.com
Dovepress
1495
Prevalence of osteoporosis in COPD patients
Body mass index (BMI) was calculated as weight (kilograms) divided by the square of the height (meters). The subjects self-reported their medical history, including hypertension, hyperlipidemia, and diabetes mellitus, for which the diagnostic definitions are detailed in our previous study. 22 Smoking status was also evaluated by a self-reported questionnaire.
statistical analysis
Data were analyzed by SPSS statistical software for Windows version 22 (IBM Corporation, Armonk, NY, USA). Relationships between two continuous parameters were evaluated by independent Student's t-test. Relationships between two discrete parameters were evaluated by cross-table χ 2 test. Continuous data are expressed as means ± standard deviation. Variables with significant difference between the osteoporosis and nonosteoporosis groups were analyzed using a multivariate logistic regression model.
Results
Of the 125 participants, 50 (40%) were diagnosed as having osteoporosis. The most common comorbidity observed was hypertension (n=63, 50.4%), followed by diabetes mellitus (n=16, 12.8%), and hyperlipidemia (n=13, 10.4%). A total of 118 (94.4%) had a history of smoking (at least 10 packyears), including current (n=53, 42.4%) and former (n=65, 52%) smokers. Mean pack-years of smoking was 47. 22 .
As shown in Table 1 , there were no significant differences in clinical characteristics between the COPD patients with and without osteoporosis with the exception of BMI, which showed that COPD patients with osteoporosis had a lower BMI than patients without osteoporosis (21.75±3.4 vs 23.93±3.3, P=0.001). Certainly, COPD patients with osteoporosis had lower values with regard to the parameters of lumbar spine, left femoral neck, right femoral neck, and T-score in terms of BMD than COPD patients without osteoporosis.
Severity of COPD had been classified in stages (I-IV) previously and groups (A-D) currently according to the GOLD guidelines. Comparing the GOLD stages (I-IV) between the COPD patients with and without osteoporosis, there was no significant difference between the two groups. However, if patients were classified by current GOLD groups (A-D), there was a significant difference between the two groups (P=0.024, (Table 3) .
To evaluate the HRQL in all enrolled patients, various questionnaires were obtained and analyzed (Table 4) . COPD patients with osteoporosis had significantly higher mMRC 
Discussion
To the best of our knowledge, this is the first study to highlight the prevalence and risk factors of osteoporosis in patients with COPD at a community hospital in Taiwan. Our study showed that the prevalence of osteoporosis was 40% in patients with COPD. COPD patients with osteoporosis had lower BMI, FEV 1 , and FEV 1 /FVC than COPD patients without osteoporosis. In a multivariate logistic regression model, only BMI and FEV 1 were significantly associated with an increased risk of osteoporosis in COPD patients. When comparing the HRQL between the two groups, COPD patients with osteoporosis had significantly higher mMRC scores, SGRQ scores, CAT scores, and lower OCD scores than those without osteoporosis, indicating that osteoporosis patients had worse quality of life and exercise performance.
Osteoporosis has been recognized as an emerging issue in the care of COPD, since osteoporosis would increase the difficulty and complexity in the management of COPD. It has also been identified as most at risk for the experiencing of severe exacerbations requiring hospitalization. 33 As shown in Table 5 , there have been a number of studies investigating the prevalence and related risk factors worldwide over the past decade. 12, 15, [17] [18] [19] [20] Based on different definitions, the prevalence of osteoporosis ranges from 23% to 42% diagnosed only by BMD and from 47% to 83.7% diagnosed by both BMD and vertebral compression fracture. 12, [17] [18] [19] [20] The wide range with regard to osteoporosis-prevalence rates in the world may be in part be related to the methodological differences of 
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Prevalence of osteoporosis in COPD patients osteoporosis diagnosis and the enrollment criteria of patient populations, such as age and severity of COPD. Malnutrition, indicated by lower BMI, is a possible cause of bone loss and fractures, frequently associated with inflammation and hormonal change. 34 Several studies have confirmed that BMI is positively associated with BMD in a variety of patient populations. [35] [36] [37] [38] Not surprisingly, this is consistent in patients with COPD based on previous studies 12, 13, 15, 16, 19 and also as seen in our findings, which all showed that BMI was an independent risk factor for osteoporosis.
Similarly to previous reports, 12, 13, 15, 16, 19 our data showed that pulmonary function, like FEV 1 or FVC, was the independent risk factor for osteoporosis. A South Korean study that enrolled 456 premenopausal women who had never smoked showed that FVC and FEV 1 were correlated with BMD. 39 This is consistent with our findings showing that FEV 1 is an independent risk factor regardless of smoking history.
The related literature has been inconsistent as to whether oral steroid use is a risk factor for osteoporosis in COPD. 13, 15, 17, 40 The TORCH study demonstrated that ICS use was not associated with BMD. 18 Other studies likewise have shown that oral steroid use was not correlated with osteoporosis in patients with COPD. 15, 17 On the contrary, ICS use was associated with a modest but statistically significant increase (20%) in the risk of fractures in patients with COPD from a meta-analysis of randomized controlled trials (16 trials) and observational studies (seven trials). 41 Another large case-control study showed that current use of high-dose ICS (more than 700 μg/day) was associated with an increased 21 This study showed that HRQL, which was assessed by mMRC scale, SGRQ, and CAT scores, was significantly worse in patients with osteoporosis than those without osteoporosis. The mMRC scale is based on the patient's perception of dyspnea in daily activities, 28 and is a practical tool to assess the HRQL of patients with COPD. 42 Notably, current GOLD guidelines combine a dyspnea scale (mMRC or CAT) and pulmonary function to classify the severity of COPD, which is compatible with our finding that the proportion of osteoporosis was more correlated with group classification than stage classification (pulmonary function alone). This study showed that osteoporosis was associated with higher mMRC dyspnea scores in patients with COPD, which is similar with results from previous studies. 43, 44 There is a paucity of data regarding the association between SGRQ and osteoporosis. To the best of our knowledge, this is the first study revealing that COPD patients with osteoporosis had higher SGRQ scores than those without osteoporosis. The CES-D scale is a short self-reporting scale designed to measure depressive symptomatology in the general population. This study showed that depression was not associated with osteoporosis in patients with COPD.
This study has a number of limitations that are worth noting. First, the sample size was small, and the majority of patients were male. A previous study has shown that the ratio of male to female smoking rates was 10.9 to 1 among adults in Taiwan. 9 Since smoking is the major risk factor for COPD, it is reasonable that COPD patients are predominantly male in Taiwan. However, large studies are needed to verify our results. Second, information regarding possible risk factors
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Prevalence of osteoporosis in COPD patients like vitamin D deficiency and oral steroid use was unavailable during our study. However, most previous studies showed that oral steroids were not associated with increased risk of osteoporosis in patients with COPD.
In conclusion, the prevalence of osteoporosis in COPD patients was high in Taiwan. BMI and FEV 1 were the independent risk factors for osteoporosis in COPD. Therefore, measuring BMD in COPD patients with lower BMI or pulmonary function should be recommended. As a result, further study may be required to investigate whether the prevention of osteoporosis utilizing such strategies as increasing body weight, encouraging smoke cessation, and/or prescribing medications that can help prevent osteoporosis would improve the quality of life in patients with COPD.
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